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I became involved in large scale computing in 1945 doing the computation of the design of an 
atomic bomb at Los Alamos. I then spent 30 years at the Bell Telephone Laboratories doing 
research. As a researcher my main task was to find out what computers could do, what they 
should do, and how they would affect the telephone company and society in general. I have 
played an active role in the hardware side, the software side, and the applications side trying to 
use and adapt what was available to the current needs we had. For a number of years I was also 
on the Board of Directors of a computer company that sold out to Xerox for almost a billion dol-
lars - and the corporate assets were more like one-tenth that! I could talk for hours on what, 
where, and how it all happened, but in ten minutes' time I suspect that this audience is more 
interested in such questions as, "What makes a computer company viable and keeps it that 
way?," "Why do companies that try other things as well usually fail?" and "How does one select 
a computer?" 
To understand these you must first realize that a computer is just a tool. It is a means to an 
end, and as with any tool, the value resides in how it is used and not in itself. But the computer 
is hard to understand because it is a tool of the mind rather than the body. A microscope 
enlarges the range of what we can see, an automobile makes transportation of goods and our-
selves much easier, and an oscilloscope gives us a new sense to detect small electric currents; all 
increase the body's abilities. Language is also a tool, and like the computer it is a tool of the 
mind, and the consequences of such a tool are almost unlimited. As had been said, "The pen is 
mightier than the sword." 
As you all know, we have passed from a manufacturing oriented society to a service oriented 
society; though the grants from Washington do not as yet reflect this change! Of all the service 
part of our society it is to the arts that you need to look for a comparable situation. For exam-
ple, the value of a work of art is not in the material used. In computing it is generally not the 
manufacturing costs, that matter when a new model is launched. Easy duplication makes further 
copies cheap. 
Thus the computer business resembles the music record industry, the high fashion clothes indus-
try, and the book publishing business. The big success arises usually from a single creative mind, 
and seldom from a group activity. Like the king in the story who wanted a son in one month so 
he put 9 women on the job - so, too, a mass of second-rate minds seldom achieves great success. 
This applies also to the use of computers; everyone knows that a first class programmer will 
outproduce 10 second-rate ones - yet we seldom are willing to pay the bill to get the excellence! 
I used the analogy of the music recording and book publishing businesses to emphasize the point 
that in the long run computers are an idea business. You cannot judge a book by its covers, or a 
computer; both the record industry and book publishing rely on volume offerings hoping to hit 
the big winner - neither seems to know how to recognize winners from losers very well. They stay 
in business by occasionally hitting the best sellers, the gold or platinum records - but this method 
is not available to the computer industry! 
Also, I mentioned women's high fashions as a comparable example to computers. Once a dress 
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model is shown it is easy to copy! IBM is a good example of what happens - they pay the price of 
creating and marketing a certain design, and once it looks like a success, there is a horde of clones 
on the market trying to collect on IBM's expenditures. In the computer field, just as in the enter-
tainment field, any successful item is immediately copied until the market is more than 
saturated. A computer company must be agile to stay ahead; constant innovation and improve-
ment are essential to success. 
The field is rapidly changing. There is the concept of "an order of magnitude change," meaning a 
change of a factor of about ten in some aspect. For example, you walk at around 4 miles per 
hour, drive around 40 or so, and fly around 400. While I fly across the country quite often, I 
rarely drive across, and have never tried to walk across. A factor of 10 means a fundamental 
change is what is possible. Well, the computer industry has had a factor of ten or so in speed and 
size of memory about every five years. It is a rapidly changing field, and as such, it is hard to 
manage unless you understand in a deep sense what is going on. 
Let me turn to the curse of size. I had to study it when I was on the Board of Directors to under-
stand our position with respect to IBM and other larger companies. Bigness leads immediately to 
the need for coordination - and that means committees and meetings. It is true that the King 
James version of the Bible was written by a committee of 72, and it is widely acknowledged as a 
masterpiece. Still, my experience has been that the committee usually settles for the vision of the 
smallest mind, not the greatest. A second serious effect is that the constant meetings gradually 
squeeze out the creative people who prefer to create than to sit through the endless, indecisive 
meetings. Thus the important decisions are usually made by the less imaginative people. In the 
computer business, with its rapid change of pace, this can be fatal. 
I do not want you to think that design is everything - only that without it there is very little. Of 
course you need good management and sales. IBM is a company that has traditionally 
emphasized sales over everything else, but it is easy to see from published records (if you were not 
watching then) that the early start in large scale electronic computers was sparked by outside 
and inside scientists who to a great extent forced IBM to do what was wanted, rather than by 
their market research staff. IBM is apparently again reverting to a strong sales force to try to 
recapture a large share of the market that they have recently lost - and we will see how effective 
this strategy is now. 
It has been observed by others that America was a leading manufacturer when the engineers and 
creators were more or less in charge, and that now that they are out and the MBA's, lawyers, and 
bean counters are in, we can no longer compete. What appears to apply to the country as a 
whole also applies to the individual companies as well. To understand this idea dominated busi-
ness, apparently you need "to get your hands dirty." As I often say "Voyeurism is no substitute 
for experience in sex or computers!" 
I regularly tell my students of the drunken sailor. He is so drunk that he staggers, and each step 
is independent of the preceding step. According to theory in 100 steps he will be, on the average, 
only 10 steps away, in ten thousand steps he will be around 100 steps from where he started, and 
in a million, only about 1000 steps away. But in the second version of the story is that there is 
an attractive girl over there, and he tends to stagger in her direction. Hence, in 100 steps he may 
only have progressed 10, but in ten thousand he will be about 1000 steps, and in a million he will 
be about 100,000 steps from the start. That is the importance of having a vision. Without a 
vision, the many, many small decisions are self-negating, and progress is like the drunken sailor 
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when the girl is not there. Without a vision at the top it is likely that a company in a highly 
innovative field will wander aimlessly trying to make money somehow. 
But even with good management you are apt to be in real trouble unless there is a very high level 
of creativity. You see in the movie business the alternation between dominance of the creative 
vs. the finance people. It is not so different in many creative fields, including computers. You 
can see it now in many computer companies, if you care to look, as the original innovators are 
slowly eased out by the managers, lawyers, and bean counters, who usually have little vision 
beyond the bottom line every three months. They often make the fatal mistake of trying to 
manage ideas as if they were material things! 
Since I have put high stress on creativity, can I be more specific? In a sense creativity can not be 
described because if it could, it would not have that spark of difference that matters! I do not 
think you can solve the problem of creativity by masses of second-rate minds. In the art world 
the recognition of great paintings and music can often come late without stopping the artist from 
pursuing a successful career, but in computing you must select your computer early if you are to 
stay ahead of the competition. 
Let me summarize. In the computer business, the role of ideas is basic - it is an idea business like 
writing, poetry, and literature generally. The computer is the symbol manipulating machine par 
excellence; it is the tool of the mind comparable only to language itself. You need first-class 
creative minds to handle the rapid, innovative pace driven by the technical possibilities that we 
are creating. But you need management that understands both its role and its limitation in this 
peculiar, highly creative field. And you need sales if you are to make money. What you need to 
look for regularly is whether top management understands its total job, or whether it regularly 
engages in "turf protection" to the detriment of the whole company. At the purchase end you 
also need imaginative talent to understand which of the latest generation of machines to select 
and adapt to the need you will face tomorrow. 
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